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The aging population is increasing rapidly, and in this group hearing loss is one of the most 
common disabilities.  For those with severe to profound impairment, which occurs in 
approximately 10% of this population, conventional amplification often fails to provide adequate 
benefit.  In these cases, a cochlear implant is indicated.  The literature on cochlear implantation 
in older adults has shown that it offers significant speech perception and quality of life benefits 
to this population. However, it remains controversial despite ample research demonstrating 
these benefits, due to concerns about surgical complications and reduced benefit due to aging 
processes.  Much literature also compares this population to younger adults, with a roughly 
equal number finding significant differences in speech perception performance as not.  This 
review is the most comprehensive to date on this subject, and looks at the literature analyzing 
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BACKGROUND AND RATIONALE 
 
The world is getting older.  The rapid aging of the world population is one of the major global 
demographic trends and older adults are among the fastest growing age groups (United Nations 
Population Division, 2013).  In almost every country, the proportion of people aged over 60 
years is growing faster than any other age group, as a result of both longer life expectancy and 
declining fertility rates.  Those over 80 years represent the fastest growing demographic (United 
States Department of Health and Human Services [HHS], Healthy People 2020, 2013).   The 
proportion of people aged 80 years or over within the older population increased from 7% in 
1950 to 14% in 2013 (United Nations, 2013). According to the World Health Organization 
(WHO), by 2025 there will be approximately 1.2 billion people in the world over age 60, which 
will mark a shift in world population to a greater percentage of older people, and by 2050 there 
will be 2 billion people across the globe aged 60 or older (2014).  With improvements in 
preventive health care for older adults around the world, the aging population is a global reality 
(Cloutier et al., 2014).  In the words of the organization HelpAge International, we live in an era 
of unprecedented, rapid, and inexorable global aging (2013). 
 
In developed countries, the population of elderly represents the fastest growing age 
demographic and life expectancy will continue to increase.  It is predicted that 20% of the 
population in developed countries will be older than 65 years by 2030 (Mosnier, 2012).  In the 
United States the percentage of people over age 65 is anticipated to more than double in the next 
20 years  (Harris et al., 2009), and the first “baby boomers” (adults born between 1946 and 
1964) turned 65 in 2011.  However, the distribution is uneven with some countries having a 
higher proportion of elderly.  The greatest percentages of population over age 65 are found in 
Japan (18%), Western Europe (17%), and North America and Eastern Europe (11%)(United 
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Nations, 2013). Senior citizens are living longer and in larger numbers than in any previous time 
in history. 
 
Many of these older adults have hearing loss.  Hearing impairment is one of the most common 
disabilities in the elderly (Campbell & Crews, 2004).  As the proportion of elderly continues to 
grow, estimates suggest that up to 50 million Americans will report hearing loss in 2050 
(Kochkin, 2005.)   The Center for Medicare and Medicaid Services estimates that one in four 
people age 65 and older have a hearing loss.   Currently, over 16 million adults in the United 
States over the age of 70 year of age have hearing loss, and approximately 150,000 of those are 
potential candidates for cochlear implantation and as the population grows, this number is 
likely to grow (Lin, Niparko & Ferrucci, 2011).   
 
According to Saeed & Mawman (2010), the population of Great Britain has been living longer 
over the past twenty years, although this increased longevity has not necessarily been lived in 
good health.  The National Study of Hearing in the United Kingdom estimated the prevalence of 
hearing loss to be 46% in the 61-80 year old age group and 93% in those 81 years and older. 
 
Hearing loss is the third most common chronic condition in individuals aged 65 and older, 
surpassed only by arthritis and hypertension (United States Department of Health and Human 
Services [HHS], Healthy People 2020, 2013).  An estimated 70-80% of adults between 65 and 75 
years of age suffer from presbyacusis.  Furthermore, many of them have severe to profound 
hearing loss, with the prevalence in patients older than 65 ranging between 0.6% and 1.1% 
(Mosnier, 2012).  Severe to profound hearing loss affects 2.3% of people 61-80 years old and 
17% of people over 81 years old.    
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Hearing loss is very debilitating and is a public health burden.  Approximately one-third of 
people over 65 years of age are affected by disabling hearing loss (World Health Organization, 
2014).  It is well established that untreated hearing loss is linked to isolation and depression 
(Dalton et al., 2003), more recent research also links it cognitive decline, with increased risk of 
developing dementia (Lin et al., 2013).  Prior studies suggest that limited or minimal access to 
acoustic information can lead to social isolation, poor self-esteem, depression, personality 
changes, cognitive impairment, and poor functional status (Mulrow, Aguilar, & Endicott, 1990). 
Crews and Campbell (2003) found that individuals with untreated hearing loss had a higher 
likelihood of being depressed and confused than those without hearing loss, and also have 
increased odds of having a fall.  It prevents some older adults from working.   For many people, 
hearing aids are not sufficient.  For approximately 10% of the hearing impaired elderly, the 
impairment is so profound that conventional amplification devices fail to provide adequate 
benefit (Coelho, Hammerschlag, Bat-Chava, & Kohan, 2009).   Adults who have lost all or most 
of their hearing later in life often can benefit from cochlear implants (National Institutes of 
Health, 2013).   
 
Cochlear implantation (CI) is a recognized treatment for hearing losses that cannot be effectively 
treated with hearing aids, and is an established safe and effective treatment for patients with 
severe-profound sensorineural hearing loss (Saeed & Mawman, 2010).  As the most successful 
neural prosthesis, CIs have provided partial hearing to more than 120,000 people worldwide 
(Zeng, Rebscher, Harrison, Sun, & Feng, 2008).   The question of effectiveness of cochlear 
implantation in elderly patients has become more important with demographic changes. 
 
Cochlear implants are surgically implanted neural prostheses that can restore or replace neural 
function and thus enable individuals with severe-to-profound hearing loss to regain or access 
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some hearing.   With sensorineural hearing loss damage to the hair cells in the cochlea prevents 
sound from reaching the auditory nerve. CIs use electric current to directly stimulate the 
cochlear spiral ganglion neurons and encode acoustic information into pulse trains delivered via 
electrodes positioned in the cochlea which allows for the perception of sound and helps a 
significantly hearing impaired person to understand speech (Wilson & Dorman, 2008).  Hearing 
through a cochlear implant is different from normal hearing; patients with implants typically 
require 6-12 months of experience and practice (or longer, which will be discussed in later in 
this paper) with the implant before their optimal hearing and speech understanding results are 
achieved (Lin, Chien, Clarett, Niparko, & Francis, 2012).   Cochlear implants have become the 
method of choice for the treatment of postlingually deaf patients, with many patients achieving 
significant levels of auditory-only open set word recognition (Gifford, Shallop, & Peterson  
2008; Coelho et al., 2009; Dillon et al., 2013). 
 
In many older adults, sensorineural hearing loss is due to inner hair cell damage, which means 
that amplification as a treatment may not provide sufficient benefit (Budenz et al., 2011).  With 
thresholds of 70 dBHL or greater, cochlear implantation is the most effective method of auditory 
rehabilitation because it effectively treats severe to profound hearing losses by transmitting 
signals directly to the spiral ganglion cells (Wilson & Dorman, 2008; Zeng et al., 2008).   
 
According to the U.S. Food and Drug Administration (FDA), as of December 2010, 
approximately 219,000 people worldwide have received cochlear implants. In the United States, 
roughly 42,600 adults and 28,400 children have received them.    Chatelin et al. noted in 2004 
that many medical teams had started to consider CI as a treatment option for hearing impaired 
elderly; this is now a well-established option.   According to Yeagle, Chen & Francis (2010) of the 
Johns Hopkins Listening Center, the cochlear implant is an intervention that is increasingly 
5 
 
used for older adults with the goal of maintaining their participation in social networks and 
preserving their quality of life.  Hearing is crucial to remain active at work, where 
communication skills have become much more important during the last decades.  With the 
ongoing debate about increasing retirement age the subject of health in the elderly is very 
important.  Untreated hearing impairment is also linked to depression, negatively affected self-
esteem and isolation.   
 
The number of older adults in the United States who are potential candidates for cochlear 
implantation is approximately 150,000 and according to Lin et al. will continue to increase with 
the aging of the population (2012).   Is it therefore important to know if implantation should 
routinely be recommended for this group.    According to Saeed & Mawman (2010) 
considerations in the UK include service provision and funding, as demands for implants has 
increased over time partly as result of the population living longer and life expectancy continues 
to increase.  In the United States it has implications for Medicare policy, with some calling for 
reconsideration of the current candidacy criteria (Lin et al., 2012; Cambron, 2006).  With the 
prevalence of severe-profound hearing loss in the 60-80 year old age group estimated to be 1.3% 
rising to 16.8% in the over 80 year old group, the demand to provide cochlear implants in this 
group of patients is high.   
Concerns remain about CI in older adults include age-related changes to the peripheral and 
central auditory systems, diminished cognitive capabilities, comorbidities and surgical 
outcomes, and cost-benefit considerations.   Age related degeneration of the spiral ganglion and 
progressive central auditory dysfunction have raised concerns about the efficacy of the 
prosthesis in the elderly population.  It is important to consider both the audiological as well as 
psychosocial factors that impact quality of life in evaluating the efficacy and value of this 





The purpose of this investigation is to conduct a review of the literature to address the 
questions: 
Do cochlear implants provide significant benefit to older adult recipients? 
Do cochlear implants provide less benefit to older adult recipients than to younger adult 
recipients? 
Do cochlear implants provide significant quality of life improvement to older adult recipients? 
Do cochlear implants provide less quality of life improvement to older adult recipients than 
younger adult recipients? 
 
METHODS 
A database search was conducted on Academic Onefile, Medline, Google Scholar, PsychInfo, 
CINHAL, and Worldcar using the search terms:  cochlear implant AND older adult or 
elderly.  These search terms yielded several hundred articles.   The references of selected articles 
yielded many additional relevant articles.   After having read other review articles on the same or 
similar topic, the author believes this is a comprehensive review of research specifically in the 
area of the benefits of cochlear implantation in the older adult population.  A total of 57 articles 
reviewed span the 22 year time period from 1991 – 2014 and were conducted in 18 different 
countries: Argentina, Australia, Austria, Belgium, Brazil, Canada, England, France, Germany, 
Hong Kong, Israel, Italy, Japan, Korea, Poland, Spain, Sweden, and the USA.   All are 
retrospective studies of postlingually deafened, unilaterally implanted adults.  A comprehensive 
list of selected articles reviewed along with key data and results is provided in Appendix 1.  




Other reviews have been conducted on this topic.   Clark et al., 2012, (Cochlear Implant 
Rehabilitation in Older Adults) reviewed a total of 31 articles.  Mosnier, 2012 (Cochlear Implant 
Outcomes in the Elderly), in a relatively short review refers to reviewing “published studies” and 
lists two such studies in her reference list.  Saeed & Mawman (2010) in the Handbook of Disease 
Burdens and Quality of Life Measures review ten articles in their chapter “Cochlear implant 
outcomes and quality of life in the elderly.” Pedley, Tari, & Drinkwater (2003) also published a 
short review (Cochlear implantation in older adults).   Buchman, Fucci, & Luxford conducted the 
first such review in 1999. Other recent literature reviews of the outcomes of CI in adult 
populations, although not specifically older adult, have been conducted by Berrettini et al., 
(2011), which included a section dealing with monolateral CI in the elderly, and Gaylor et al., 
(2013).  All relevant articles considered by these reviewers have been considered in this review 




In the last 10 years as implant programs have expanded, issues around cochlear implant safety, 
effectiveness and quality of life in the elderly has lead to an emergent literature (Saeed & 
Mawman, 2010).    Issues associated with cochlear implantation in elderly patients include 
surgical safety, quality-of-life and cost-utility concerns, and post implantation performance 
(Friedland, Runge-Samuelson, Baig, & Jenson, 2010).    According to Mosnier (2012), 
assessment of auditory and psychosocial benefit provided by cochlear implantation and accurate 
evaluation of the surgical and anesthetic morbidity in this population is crucial, particularly with 





According to Benatti, Montino, Girasoli, Trevisi, & Bove (2013) it was previously thought that CI 
in the elderly might not be beneficial due to age-related degeneration of the auditory system, 
surgical risk, and overall cost to benefit ratio.    However, studies have shown that it is well 
tolerated in most elderly, enhances self-confidence, often reduces tinnitus, and improves quality 
of life.   Buchman et al. wrote in 1999, “Patients older than 65 have obtained excellent results by 
both audiologic and quality-of-life measures,” and with new advances since then in both surgical 
technique and implants, results have continued to improve.  It has been well demonstrated that 
cochlear implants dramatically improve audibility of sounds and speech understanding in older 
recipients (Clark et al., 2012).    According to Friedland et al. (2010) surgical safety has been 
demonstrated, and Coelho, Yeh, Kim, & Lalwani (2009b) determined that general anesthesia is 
well tolerated by elderly patients undergoing cochlear implantation.   Chen et al. (2013) 
concluded that with regard to the surgery, the safety profile of cochlear implantation in an older 
population is comparable to that of younger adults and children, and that concerns for 
postoperative complication in patients of advanced age do not need to be primary consideration 
when determining CI candidacy.   
 
Roberts, Lin, Herman, & Lee (2013) and Dillon et al. (2013) also assert that advanced age is not 
typically considered a contraindication to surgery, and focused research on the long-term 
progression and stability of speech perception in older adult implantees.  This approach 
demonstrates how far we have come in that it presupposes that speech perception outcomes in 
this population provide benefit and that this is widely recognized.  However, the question 
continues to be asked and researchers (DiNardo, Anzivino, Giannantonio, Schinaia, & Paludetti 
2013; Benatti et al., 2013; Cloutier, Bussières, Ferron, & Côté, 2014) continue to study the 
benefits of implantation for the elderly in terms of speech perception and quality of life.  It is not 
clear that the results of the research have reached the wider medical community.  For example, 
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according to Coelho et al. (2009) most elderly patients with severe to profound hearing loss are 
not being referred for cochlear implantation, although it is the only intervention to significantly 
improve hearing and quality of life in this population.  Carlson et al. (2010) agree that despite 
the substantial increase in the number of older patients undergoing elective surgeries, there is 
still a bias within the medical community to withhold these types of procedures from older 
patients due to fear of increased risks associated with surgery and anesthesia.  Cochlear 
implantation is one such procedure, because it is still felt that surgical and auditory outcomes 
will be negatively impacted by age. 
 
Despite much evidence, cochlear implantation in this population has been and remains 
stubbornly controversial for a host of reasons, as reflected by the comments of researchers 
around the globe over the years: 
 Many healthcare workers harbor one of more of the following misconceptions about 
cochlear implantation in the elderly: 1) risks of surgery outweigh benefits 2) elderly 
patients are too old to learn 3) older patients will have limited improvement in auditory 
rehabilitation from CI.  Its use has been limited possibly by the misconception that 
elderly will perform poorly (Labadie, Carrasco, Gilmer, & Pillsbury, 2002, p. 419).  USA 
 
CI has not been indicated so frequently in Japan as the rest of the world.  Can old people 
get benefit from cochlear implants? (Hideo, Yamaguchi, Eguchi, Kawaishi, & Wantanabe 
2004, p. 169).  Japan 
 
The procedure (CI) remains controversial when applied to elderly patients (Leung et al., 




 Most elderly patients with severe to profound hearing loss are not being referred for 
cochlear implantation, the only intervention to significantly improve hearing and quality 
of life in this population (Coelho et al., 2009, p.). USA 
 
Despite increases in the number of elderly patients undergoing elective surgery, there 
remains a pervasive bias within the medical community to withhold “nonessential” 
procedures in relatively healthy patients of advanced years for fear of increased risk 
associated with surgery and anesthesia.   As such CI in older patients has been met with 
trepidation.  It is felt that surgical and audiological outcomes could be negatively 
impacted by age-related central auditory processing deficits, longer durations of 
deafness, decreased communication potential and decreased global cost utility...that they 
are at increased risk for anesthetic and surgical complications, longer recovery, and 
diminished auditory rehabilitation potential (Carlson et al., 2010, p. 1343) USA 
 
Elderly patients have the lowest rate of CI in our group…this is mainly due to misgivings 
about surgery by the patients and their families.  Healthcare professionals also lack 
information about cochlear implants, which explains the paucity of this procedure 
(Oyanguren, Gomes, Tsuji, Bento, & Neto, 2010, p. 452).  Brazil 
 
In elderly patients these features (i.e. declines in temporal processing and auditory 
memory) raise concern regarding post-CI hearing outcomes in elderly implantees, in 
addition to other concerns such as medical postoperative complications (Luntz, Yehudai, 




Due to economic restrictions, Swedish cochlear implant centers originally hesitated to 
provide the old age group with CIs (Lundin, Näsvall, Köbler, Linde, & Rask-Andersen, 
2013, p.92).  Sweden 
 
Implantation in the elderly still remains a point of discussion (Lachowska, Pastuszka, 
Glinka, & Niemczyk, 2013, p. 1340).  Poland 
 
Beliefs affecting the implantation of the elderly consist of the fear of an increased risk 
associated with surgery and anesthesia, that implantation may not be beneficial because 
age-related degeneration of the central and peripheral auditory systems, and overall high 
cost-benefit ratio.  Despite these concerns, recent literature indicates that surgery is safe 
and that the elderly population performs quite well (Cloutier et al., 2013, p. 23).  Canada 
 
Yet researchers report increasing numbers of older adult recipients over time.  Karlik, 
Czerniejewska, & Gibasiewicz (2012) in Poland report that in the 13 years from the beginning of 
their CI program to 2007, only 4 patients over 65 years of age were implanted, which increased 
to 7 in 2008, and was followed by a four-fold increase between 2009 and 2011.  Lin et al. (2012) 
tracked the number of CI recipients at Johns Hopkins over the age of 60 over a period of 10 
years, and this number increased steadily over time from 10 in 1999 to 58 in 2010.     At the 
University of North Carolina Hospitals Hearing and Voice Center, the number of surgeries on 
patients over age 65 has increased from 25 in 2009 to 60 in 2013 (E. King, personal 




Early developments and research 
Just thirty years ago or so there were no effective treatments for deafness or severe hearing 
impairments.  The advent of cochlear implants changed that, and today they are widely regarded 
as one of the great achievements of modern medicine.  By 1988 approximately 3,000 patients 
worldwide had received CIs (Wilson & Dorman, 2008).  In the early 1990s, Blake Wilson of the 
Research Triangle Institute introduced the continuous interleaved sampling (CIS) speech 
processing method that when compared to the compressed analog (CA) strategy produced large 
improvement in speech perception scores (Wilson et al., 1991; Zeng et al., 2008).   
 
The first studies addressing the issue of CI in older adults were published in the early 1990s.  
Horn et al. (1991) evaluated the functional use and benefits of the Cochlear Nucleus® 22 
channel implant in 67 recipients over the age of 65.  Using a questionnaire they had devised, 
they determined that elderly patients obtained benefits similar to those obtained by younger 
patients.  Waltzman, Cohen, & Shapiro (1993) looked at a sample of 20 people over the age of 65 
years who had also been implanted with a Nucleus device, and presented the first paper 
measuring speech perception in a group of older adult CI recipients.  Several more studies 
followed in 1995 and over time the body of evidence grew.  In 1999, Buchman et al. published 
the first review on this topic, summarizing their findings in the title: “Cochlear implants in the 






Speech perception outcomes 
The 51 studies reviewed for this paper that evaluated speech perception in older adults found 
that cochlear implantation resulted in statistically significantly improved speech 
perception.   Some looked at older adult populations exclusively; others made comparisons to 
younger cohorts.  Authors of the most recent research are overwhelmingly in agreement that 
previous research demonstrates well that cochlear implants are an effective treatment that 
provides considerable benefit for older adults recipients.  Yet, controversy still exists regarding 
the safety of surgery, as discussed above, as well as the impact of age on speech recognition 
following cochlear implant in postlingually deaf adults.  Despite ample evidence of the benefit, 
in both speech perception and quality of life, this appears to continue to be an issue in need of 
further continued evidence, until this battle is won in the medical community.  Benatti et al. 
(2013) published a study that looked only PTA and SRT outcomes in patients aged 65 to 80 
years and found significant benefit.  As simple as it is, such research contributes to the body of 
evidence demonstrating the cochlear implantation in older adults is efficacious. 
 
The evaluation of clinical effectiveness of cochlear implantation in the elderly population 
generally utilizes tests of speech discrimination ability (Saeed & Mawman, 2010).  Except for the 
Benatti et al. (2013), researchers used speech tests consisting of words, sentences, or both.   
 
The minimum speech test battery (MSTB) recommended in 2011 by the three biggest 
manufacturers of cochlear implants (Advanced Bionics, LLC, Cochlear Americas, and MED-EL 
Corporation) includes Consonant-Nucleus-Consonant (CNC) words (Peterson & Lehiste, 1962), 
the AzBio sentences (Spahr & Dorman, 2004) presented in quiet and in 10-talker babble, and 
the Bamford-Kowal-Bench Speech in Noise (BKB-SIN) test (Etymōtic Research, 2005; Fabry et 
al., 2009; Gifford et al., 2010).   Other materials used include spondee words, NU6 words, the 
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Hearing in Noise Test (HINT) sentences (Nilsson, Soli, & Sullivan, 1994), typically presented in 
both quiet and noise conditions, the City University of New York (CUNY) sentences (Boothroyd 
et al., 1985), the now dated Central Institute for the Deaf (CID) sentences (Silverman & Hirsh, 
1955), and word and sentence tests in various languages other than English.  In the personal 
experience of the author, the CUNY and HINT sentences are often used with English speaking 
adult cochlear implant candidates and recipients and particularly with older adults, as these 
measures are generally considered easier than the AzBio sentences and the BKB-SIN test.  The 
AzBio sentences are more difficult because they are spoken by different talkers in a 
conversational style with limited contextual cues that the listener can use to predict 
unintelligible words. The sentences are presented at a fixed level in quiet or in 10-talker babble 
at a fixed signal-to-noise ratio. The BKB-SIN test is challenging for cochlear implant listeners 
because a modified adaptive approach is employed wherein sentences are presented at a fixed 
level and four-talker babble is presented at increasingly more difficult signal-to-noise ratios up 
to a minimum of negative six.  Presentation levels differed, with clinicians typically choosing 
either 60 or 70 dBSPL sound field presentation with the other ear plugged or masked if 
necessary. 
 
Increasing gain in speech perception over time 
In 1999 Buchman et al. reported that 80% correct on closed set speech materials was obtainable 
in many adults, although not specifically elderly, patients.  In the same year, Herzog et al. stated 
in their paper, “After a short time implanted adults reach almost open-set speech understanding 
and are even able to talk to unknown people on the phone” (1999, p.490).  Pasanisi et al. noted 
in 2003 that advances in implant technology and speech coding strategies had given rise to 
substantial improvement in speech perception in all populations.  This has certainly continued 
over time, subsequent researchers (Carlson et al. 2010; Dillon et al. 2013; Roberts et al. 2013) 
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have noted that many recipients, including older recipients, are able to achieve excellent open 
set speech recognition, even as speech testing materials have gotten more difficult.  With rapid 
improvements in implant technology and advances in devices and mapping strategies, levels of 
speech performance have increased. In 1993, when Waltzman et al. published their results, 
average mean post-operative scores reflecting significant improvement were 10% on w-22 and 
NU-6 word lists and 20% on CID sentences.  In contrast, Cloutier et al. (2014) reported a 
postoperative mean of 72% on HINT sentences, Roberts et al. (2013) a mean of 55% on CNC 
words, and Dillon et al. (2013) a mean of 50% CNC words, 85% on HINT sentences in quiet and 
60% on HINT sentences in noise.  By 2008, Gifford et al. reported that over a quarter of CI 
patients were achieving 100% on standard sentence material and called for more difficult 
materials to assess patient performance, which was realized with the establishment of the MSTB 
in 2011. The more recent literature demonstrates that recipients on the whole are achieving 
ever-higher speech recognition scores, including older people.   
 
Carlson et al. (2010) focused on recipients who had received the newest technology available in 
2010 from whichever manufacturer they had (devices were Cochlear Nucleus Freedom, 
Advanced Bionics HR90k, or Med El Sonata) and noted that their test groups achieved higher 
speech recognition scores than those of previous published studies using earlier generation 
models.  Anderson, D’Haese, & Pitterl (2006) assessed the influence of then-current speech 
coding strategies and found that advanced technology was providing greater benefit than that of 
9-13 years prior, notably in listening in noise, understanding on the telephone, and better 
speech perception.  In this study they included only participants with Med El devices.  Twenty-
one  studies included two or more manufacturer devices, 20 included one manufacturer device, 




Comparisons with younger groups 
Despite clear demonstration of benefit, cochlear implantation in the elderly remains a topic of 
debate based partly on the assumption that elderly patients do not derive as much benefit as 
younger patients due to processing and cognitive factors (Vermiere et al., 2005).    The question 
in more recent research on older adult CI has shifted focus to how much benefit is received and 
how it compares to that achieved by younger adult recipients, as measured by speech perception 
scores, as well as quality of life measures.   Lenarz,  Sönmez, Joseph, Büchner, & Lenarz (2012)  
 
Table 1:  Speech Perception Outcome Comparisons Between Younger and 
Older Adult CI Recipients (31 studies) 


















Roberts, 2013        only in 80+ group 
Sanchez, 2013* 
Lundin, 2013           only on monosyllables 
Lenarz, 2012            only in noise in 70+ group 
DiNardo, 2012 
Marx, 2011                only on sentences in noise 
Budenz, 2011           
Friedland, 2010       only on sentences in noise 
Carlson, 2010           only on AzBio sentences 
Williamson, 2009* 
Vermiere, 2005 
Chatelin, 2004        only on monosyllables 








state there is no doubt that CIs have a significant impact on quality of life of the elderly and are a 
cost-effective intervention for this population, but that it is interesting to evaluate the effect of 
the aging brain and central presbyacusis on the learning curve and hearing performance of 
elderly patients compared to younger adults.  
 
Table 1 displays in reverse chronological order the findings of the 31 studies that compared 
speech perception results in older and younger age groups.  Seventeen found no significant 
difference in speech perception and fourteen found that younger cohorts performed significantly 
better than older.   Of the latter, six studies found significant differences in some conditions but 
not others, which are noted in the table; however, no consistent pattern emerges from this data.  
Chan et al. (2007) found that the younger group performed better at six months, but 
performance was comparable at 12 months.   It is interesting to note that several studies 
compared groups that would both be considered old (Sanchez et al., 2013; Sterkers et al. 2004; 
Williamson, Pytania, Oghalai, & Vrabec, 2009).  No consensus emerges from the literature. 
 
Other researchers, while they did not conduct comparisons, did look at the effect of age on 
various measures.  Lin et al. (2012), found in their sample of 83 participants aged 60 years or 
older that age at implantation was inversely related to magnitude of speech score gain.  Coelho 
et al. (2009), in a large sample of 245 adults ranging in age from 19 to 84 years old, found that 
with increasing age, CI users showed lower function as measured by their instrument the 
Cochlear Implant Function Index (CIFI). Holden et al. (2013) found in a sample of 114 adults, 
the higher performers were younger in age at time of implantation.   In controlling for age, they 
found that the predominant effect of age at CI was the reduction in performance due to cognitive 
ability.  In contrast, Bodmer et al. (2007), in their analysis of speech scores in a large sample 
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(n=445) of adult poor and excellent performers found that age at implantation was similar for 
both groups:  47 years in the poor group and 50 years in the excellent group, and that age at 
implantation did not statistically correlate with performance.  However, they did not specify the 
age range of participants, which as will be discussed later could have an effect, as some studies 
show that differences emerge when the sample or part of the sample are in their late seventies or 
older. 
So the effect of older age at implantation on speech scores continues to be a subject of much 
debate in the literature (Carlson et al. 2010; Chan et al. 2007; Friedland et al. 2010; Leung et al. 
2005) and the question remains as to whether or not older implantees perform as well as 
younger implantees.    As Table 1 illustrates, the literature is divided on this subject, with a 
substantial and roughly equal number of studies reaching opposite conclusions.   However, with 
great variability among the studies it can be difficult to make comparisons.   Leung et al. (2005) 
noted that study design may generate different conclusions.  For example, the choice of age cut 
point used as a boundary between older and younger cohorts may alter final conclusions.  
Limitations in making comparisons result from patients being obtained from different centers 
as a number of factors may differ: speech-recognition materials, definitions for duration of 
deafness and age at onset, various speech processor programming techniques, the age of the 
participants, and their cognitive status (Holden et al. 2013).  Etiology of hearing loss is generally 
not considered a factor that has an impact on speech perception. 
 
Factors that may contribute to differences in scores 
Test materials used    If only the “easier” materials were used in comparisons of performance 
between younger and older cohorts of recipients, it is possible that a ceiling effect in the older 
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group may have prevented the discovery of a difference in post-implant speech perception 
outcomes.   
 
Different devices or processing strategies  
Studies have shown there is no difference in performance across different speech processing 
strategies.    Skinner’s research (2003) discusses the main parameters that optimize speech 
recognition performance: minimum and maximum stimulation levels on each electrode, the rate 
of stimulation, and the speech coding strategy.  This study evaluated the performance of 
recipients using the strategies SPEAK, ACE, and CIS and found that poorest performances and 
the best performance all had roughly equal percentages.   Although some individuals may 
perform best with a particular strategy, no one strategy appears to be better in 
general.  Although the quality of the mapping among participants of the various studies would 
be impossible to evaluate, it can be extrapolated from this that the varying strategies and devices 
do not have an impact on comparisons.   In their study, Williamson et al. (2009) “no attempt 
was made to stratify patients based on processor, speech processing, or mapping strategies.  It 
was assumed that those patient-related factors were optimized by the implant audiologist on an 
individual basis to achieve maximal benefit in each case (p. 917).”    
 
Adaptation period   Friedland et al. (2010) suggested that elderly may need more time to 
reach the same scores as younger recipients.   Chan et al. (2007) found their younger group had 
better performance at the 6-month mark, but there was no difference at the 12-month mark.  
Lenarz et al. (2012) followed participants for two years and found that among all participants 
most had their main adaption and learning to CI happen in the first 6 months following 
implantation.  One year post activation, most had reached a plateau in performance and there 
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was no difference between the group of patients older than 70 years and the younger 
patients.   Williamson et al. (2009) had a mean follow up period of 44 months and found that 
the benefits of implantation are realized within the first 12 months and are durable over time. 
 
In contrast, Dillon et al. (2013) found, in following a cohort of 14 older adults for a 10-year 
period, that performance continued to increase beyond the one-year follow up interval.   
Significant improvement occurred at 6 months, remained stable at 1 year, and again showed 
significant improvement at five years.   The gains demonstrated at the five-year mark were 
maintained out to the ten-year mark.  This research suggests that studies that did not follow 
elderly patients for a sufficient period of time may be underestimating their eventual maximum 
speech perception abilities, and thus studies that found differences between age groups may not 
have found them if they had made comparisons at later points in time.   However, there is no 
analysis of the time period between the one year and five year follow up, so it is possible that the 
maximal speech perception performance may have been reached at some point in between.  
Marx et al. (2011) followed performance in a younger and an older group over a five-year period 
and found in the elderly group that between one year and five years performance remained 
stable.  This study found significant differences in speech perception only in test conditions with 
noise.   The full conclusions of this study and the outcomes after five years could not be 
obtained, as this article is available only in French language and cannot be read by this 
reviewer.   
In general, a common complaint of older adults with hearing loss is difficulty understanding 
speech, especially in challenging listening environments such a noisy situation.  This is generally 
attributed to declines in the peripheral auditory system.  Findings from several studies have 
shown age-related differences in speech recognition, even after accounting for differences in 




The younger old and the older old   There is no  one definition of the term “elderly” nor any 
kind of consensus as to what constitutes an older adult.  Distinctions are now being made 
between the young old (60 to 69 years), the old old (70 to 79 years), and the oldest old (80 years 
and older)(Garfein & Herzog, 1995),  and as life expectancies continue to increase definitions 
may continue to shift (WHO, 2014).  The age cutoff criteria used by the studies for the older 
cohort ranges from 50 years to 80 years, with most researchers choosing 65 years, as shown in 
Table 2.  
Table 2: Older cohort age cutoff summary 
Age (years) 50+ 55+ 60+ 65+ 70+ 75+ 80+ 
# of studies using 
this age cutoff 
2 2 14 22 9 3 4 
 
A trend in more recent research is to look at elderly cohorts who are older than those in previous 
research, for example, designating an older group aged 80+ years versus a 65+years, and/or to 
stratify the older sample into “younger old” and “older old” groups.  As those over the age of 80 
years are the largest growing segment of society and life expectancies are increasing, Eshraghi et 
al. (2009) suggested that we should begin to stratify risk versus benefit of cochlear implantation 
in this age group and evaluated recipients 80 years or older, as did Carlson et al. (2010), Lundin 
et al (2013), Roberts et al. (2013), and Cloutier et al. (2013).  They all found that significant 
benefit was achieved in this demographic. 
Defined older as 75+ years 
 Cloutier et al. (2014) 80+ years 
 Lundin et al. (2013) 79+ (comparison to 20-60 year olds) 
 Carlson et al. (2010) 80+ (comparison to 18-79 year olds) 
 Eshraghi et al. (2009) 79+ years 
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 Williamson et al (2009) 80+years (comparison to 75-79 year olds) 
 Pedley (2007) 75+years 
Compared two older groups or stratified older group 
 Roberts et al. (2013) stratified their sample (20-80+ years) by decade 
 Sanchez et al. (2013) 60-69 years and 70+ years 
 Williamson et al. (2009) 75-79 years and 80+ years 
 Vermiere et al. (2005) <55 years, 56-69 years, 70+ years (young, middle aged, geriatric) 
 Sterkers et al. (2004) 60-69 years and 70+ years 
 
Analyzed data by age 
 Holden et al. (2013) 
 Lin et al. (2012) 
 Coelho et al. (2009b) 
 
Carlson et al. (2010) found speech perception outcomes between the younger and older cohorts 
similar with statistically significant differences on only with AzBio sentence recognition (the 
more difficult speech testing materials) in which those younger than 80 scored 6.5 percentage 
points better.    Roberts et al. (2013) noted that the literature conflicts as to whether elderly 
patients have similar audiological outcomes as compared to younger adult patients, with (some) 
recent literature suggesting that elderly patients benefit from CI but have lower mean speech 
recognition scores when compared to younger adult patients.  They found significant differences 
between the under 65 and over 65 groups but when they subdivided their sample by decade, 
found differences only between the octogenarian group and all other groups concluded that this 
oldest group accounted for the lower performance of the over 65 group.  This had not previously 
been shown. 
 
Williamson et al. found that patients older than 80 years had less robust performance than 
those aged 75 to 79 years.  They compared these two older cohorts and found, even so close in 
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age, that the younger group performed better.  Lenarz et al. (2012) found that their 70+ group 
performed significantly poorer but only in test conditions that included noise. 
 
Duration of deafness    
Duration of deafness is considered by some to be a factor in the effectiveness of a cochlear 
implant and the ability of the recipient to achieve good speech perception:  that is, longer 
durations of deafness have a negative impact on speech perception outcomes (Gomaa 
Rubinstein, Lowder, Tyler, & Gantz, 2003).   Cambron’s data (2006) agreed with Gomaa et al. 
which determined that postoperative word recognition performance had an inverse relationship 
with the duration of deafness (and a direct correlation with the preoperative word recognition 
performance).  Approximately half of the comparison studies reviewed controlled for the 
duration of deafness.  However, this premise has been disputed by other researchers.  According 
to Bodmer et al. (2007) regarding duration of deafness and its impact on hearing outcome in 
postlingually deafened adults CI recipients, “Previously, when candidacy criteria included 
complete or near complete (profound) hearing loss, this parameter was a fairly easy one to 
evaluate. The evolution of candidacy criteria over time to include severe hearing loss has 
effectively made it impossible to evaluate it as a predictor of hearing outcome. In fact, it is not 
uncommon for current candidate patients to be wearing hearing aids at the time of evaluation 
because of benefits perceived. Therefore, duration of deafness in the more recent setting has, in 
our opinion, become an impossible factor to evaluate (p.1410).”  Moon et al. (2013) found that 
there was no difference in speech perception scores related to duration of deafness.  They 
postulated instead that age at onset of deafness has a strong relationship to postoperative 
performance, and that those patients who had lost their hearing before adolescence performed 
more poorly.   Holden et al. (2013) noted that a number of studies have shown that duration of 
deafness is a primary factor affecting CI outcomes, however, there is little agreement regarding 
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other factors that may affect performance.   Wide variability across CI users is a long-standing 
issue for the field and makes it difficult to counsel patients regarding their potential outcomes.   
 
Age-related degeneration 
When speculating on the reason for lower speech perception scores in older adults as compared 
to younger groups, most researchers agree on central issues, characterized variously as:  central 
presbyacusis, cognitive decline, central auditory processing, and neuronal loss are all suggested.  
One study attributed it to duration of deafness (Budenz et al., 2011) and Friedland et al. (2010) 
identified several possible factors, including that older adults may require longer adaption 
periods, may have difficulty processing high rate stimulation, and that central cognitive or 
associated processes may influence performance. The relationship between central auditory 
functional decline, or aging-related neurophysiologic changes and cochlear implantation are not 
well understood (Williamson, Pytania, Oghalai & Vrabec, 2009) 
 
QUALITY OF LIFE 
Health related quality of life (HRQoL) is an important parameter to consider.  In the words of 
Reisenberg & Glass (1989) medicine is coming to realize that it is the overall quality of life of the 
person and not just the concerned organ that must be considered.  In terms of older adults and 
cochlear implants, it is not only the measured benefit of cochlear implantation in speech 
perception that must be considered but also the improvement in quality of life.  There has been a 
growing interest by clinical researchers in outcomes for people with implants in their everyday 
lives.  This review identified 27 studies that assessed the quality of life improvements in older 
adults subsequent to receiving a cochlear implant.   A list of all reviewed studies evaluating QoL 
is provided in Appendix 2. 
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Horn et al. (1991) were the first to publish research, now considered seminal, about this topic 
and were the first to publish any article addressing the issue of cochlear implantation in elderly 
people.  They created a 26-item quality of life questionnaire, which was subsequently used by 
others either in its entirety or as a modified version (Kelsall, Shallop, & Burnelli, 1995; Djalilian, 
Smith, King, & Levine, 2002; Anderson et al., 2006).   A number of other studies created their 
own questionnaires (Herzog et al., 1999;  Tari, Dowell, & Endicott, 2003).    Four more studies 
were published in 1995, of these, two used the Performance Inventory for Profound and Severe 
Hearing Loss (PIPSL) which had been developed for hearing aid users (Owens & Raggio, 1988) 
and Facer, Peterson, & Bray (1995) also used the Quality of Life Questionnaire, developed by 
Peterson at the Mayo Clinic; and Maillet et al. (1995), whose study was not only older adults but 
had sample of 82 ranging in age from 30 to 80 years old, also used validated instruments.   The 
others, and most studies conducted up until 2005, used unvalidated questionnaires or relied 
upon anecdotal reports including such criteria as phone use, daily use of the device, increased 
cheerfulness, and perceived or reported social engagement (Thomas, 1995; Hideo et al., 2004, 
Lundin et al., 2013).   
 
The list of instruments used to measure quality of life and the number of reviewed studies by 
which each instrument was utilized are presented in Table 3.Health related quality of life 
questionnaires are designed to identify a statistically significant benefit when the preoperative 
health status is compared to the post-operative health status (Saeed & Mawman, 2010).   Francis 
et al. (2002) observed that many reports of QoL gains had been favorable but based on poorly 
validated questionnaires with which it is difficult to correlate function or assess cost-utility.  
More recent studies trend to using validated tests instruments.  The one used most often (six 




Table 3: QoL Instruments 
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designed for otorhinolaryngologic disorders, which assesses the intervention effects on the 
health status of patients.  There is a total score and three subscales: general, physical, and social 
support (Hawthorne, Hogan & Hawthorne, 2002).    The Hearing Handicap Inventory (HHI), a 
well-known and validated questionnaire (Ventry & Weinstein, 1992) was used in five of the 
reviewed articles.   However, neither of these instruments is specific to CI.  The Nijmegen 
Cochlear Implant Questionnaire (NCIQ) was created in 2000 (Hinderink, Krabbe, & Van Den 
Broek) and the Cochlear Implant Function Index (CIFI) in 2009 (Coelho et al.).  Both have been 
validated; surprisingly, few studies have utilized these instruments.  Olze et al. (2011) used a 
translation of the NCIQ into German, and out of seven studies found assessing quality of life 
since the CIFI was created none of them used it.  Overall, there is an unfortunate lack of 
consistency in the type of instrument used; regardless, every study concluded that implantation 
resulted in a significant quality of life improvement for older adults recipients.   
 
A review such as this could perhaps be useful for guiding future researchers in the choice of QoL 
instrument they use, as increased consistency in measurement tools and the choice of validated 
and intervention-specific will make it easier to aggregate and analyze results that will better add 
to the pool of credible evidence.  The use of instruments such as the NCIQ and the CIFI would, 
in the opinion of this author, be the best choices to further the body of evidence on QoL 
improvement in CI users.  
 
Parameters evaluated in QoL   According to Coelho et al. (2009), over the last decade adult 
speech perception has improved to the point where we can realistically begin to assess its effects 
on aspects of everyday life such as employment and social interaction.   Too many factors were 
considered in quality of life assessment to discuss all of them in this review.  Below are some of 




Employment  Kelsall et al (1995) asserted that quality of life issues for the elderly population 
are different than for younger patients, as they are no longer in the workplace.  Shin et al. 
(2000) also stated that elderly patients no longer work and are less affected by a working 
environment.   Although it is generally true that older people are less likely to be working, this 
depends very much upon the individual as well as the definition of elderly, which as previously 
discussed has no consistent definition, and now may be a dated assumption. In contrast, Facer, 
Peterson & Brey (1995) noted in their paper that several of the participants in their study over 
the age of 65 continued to be gainfully employed.  Pedley et al. (2003) agree that one of the 
benefits of cochlear implantation in people aged 55 or older is the maintenance or resumption of 
employment.  Allowing older people to remain in the workplace longer is indeed very important 
benefit, on both individual and societal levels, especially with the ever-increasing number of 
older people across the globe. 
 
Improvement of tinnitus   Reduction of tinnitus is one of the benefits that may occur along 
with implantation, although this does not happen for every recipient.  Thomas (1995) reported 
that out of five patients all but one had bothersome tinnitus, and following CI activation, three 
of the five are totally unaware of tinnitus when device is turned on, one finds it much less 
bothersome, and for one it has not changed but his ability to hear enables him to ignore it.  Shin 
et al. (2000) found that 70% of the elderly patients who had tinnitus before CI surgery reported 
that it was improved post-operatively and Olze et al. (2011) found that CI reduced tinnitus, as 
measured by the Tinnitus Questionnaire.  Anderson et al. (2006) found that 54% had tinnitus 




Phone use   In 1989 Cohen & Waltzman published a study dealing solely with the ability of 
implantees to use the telephone.  Use of the telephone has been and continues to be a challenge 
for many CI recipients.  Improved or restored ability to use the phone is considered a significant 
benefit, and many of the studies made some comments about restored ability to use the phone.   
The Horn questionnaire, the NCIQ and the CIFI all contain questions about phone use.   Table 4 
details results from some of the studies. 
 
Table 4  Phone use results for older cohorts 
Horn et al., 1991 32% of recipients able to use the phone 
Facer et al., 1995 Preimplantation no patient could use the telephone;  
postimplantation the mean response to ability to use the phone 
indicated fair success 
Kelsall et al., 1995 65% of patients were able to recognize a voice over the phone 
Thomas, 1995 Three out of five recipients are able to use the telephone regularly 
with people they know well 
Shin et al., 2000 27% reported ability to use phone 
Djalilian et al., 2002 56% could recognize a voice and have a simple phone conversation  
Hideo et al.,2004 Noted with wonder that an 81-year-old CI recipient was very quickly 
able to use the telephone to speak with her husband.   
Francis et al, 2002 64% could converse on the phone.  
Anderson et al.,2006 66% could recognize a voice on the phone 
Eshraghi et al., 2009 Majority of recipients reported being able to use the phone.   
Oyanguren et al., 2010 71% able to have conversation on phone 
Luntz et al., 2012 Eight out of 18 regained full ability to use the telephone; another 
eight were able to use the telephone with familiar people 




Daily use of CI   A number of studies evaluated whether or not older adult recipients listened 
with their implant daily and some, if so, for how long.  Most studies found that most if not all of 
their older cohort were daily users of their implant and using their device between 10 and 13 
hours per day. 
 
Anecdotal   A number of studies provided anecdotal evidence of quality of life improvements, 
usually in combination with a questionnaire or other QoL measurement tool.  While these 
accounts may not be easy to evaluate statistically, they are persuasive and in some cases 
poignant.   Labadie et al. (2000) recounted the story of a patient who was 70 years old and had 
multiple comorbid conditions, including blindness and a history of lung cancer.  After successful 
implantation she was emotionally overcome with excitement and for the first time in a long time 
she was actively able to participate in decisions about her health care. Cloutier et al. (2014) 
found that along with their questionnaire responses, 7 out of 27 recipients wrote unsolicited 
personal notes expressing gratitude for their implants and that their and their relative’s quality 
of life had been improved.   These studies provide many more stories and evidence of how 
cochlear implantation has touched and improved individual lives. 
 
Comparisons to younger cohorts 
Some researchers compared the improvement in quality of life between older and younger 
cohorts, as detailed in Table 5.  It appears that these studies are largely in agreement, with the 
majority finding no significant age related differences in the degree to which recipients 
experienced quality of life improvements as a result of having a cochlear implant.   Olze found 
that older recipients received greater benefit.   Park, Shipp, Chen, Nedzelski, & Lin (2010) 
conducted a study with a large sample of 161 and a validated instrument (HHI) and found no 
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difference between QoL improvement in age.  Maillet et al.(1995)  found that the patients who 
perceived less improvement were those who had longer durations of deafness.   However, 
Coelho et al. (2009) found that with increasing age function lessened. 
 





Outcome for QoL 
between older cohort and 
younger control group 
Outcome for speech 
perception between 
older and younger  
Horn 1991 26 item questionnaire 
created by authors  
Similar results compared with 
results reported by others 
Not assessed 
Djalilian 1995 Modified Horn 22 item 
questionnaire  
Responses showed no 




Vermiere 2005 HHIA, GBI, Scale for 
prediction of disability in 
SNHL 
No significant difference  Younger group 
performed better 
Anderson 2006 Modified Horn 
questionnaire 
No significant difference 
(both groups older) 
Not assessed 




Poissant 2008 Geriatric Depression Scale, 
UCLA Loneliness Scale 
No significant difference  No significant different  
Noble 2009 HHIE, HHQ, SSQ No significant difference No significant 
difference 
Coelho 2009 CIFI Increasing age showed lower 
function 
Not assessed 
Park 2010 HHI No significant difference No significant 
difference 




DiNardo 2012 SF-36, Questionnaire for 
self assessment of CI benefit 
No significant difference Younger group 
performed better 





Correlation between speech performance and quality of life.  Although an association 
between audiological improvement and QoL benefit might be expected, a lack of significant 
correlation between user satisfaction and audiological results was observed in several studies 
(Sanchez et al., 2013; Vermiere et al., 2005).   Park et al. (2010) found no statistically significant 
correlations between pre-implant speech recognition scores and pre-implant quality of life 
scores or between post-implant speech recognition score and post-implant quality of life scores.   
Olze et al. (2011) suggest that the effect of CI on HRQoL might even outweigh improvements in 
hearing ability measured by speech perceptions tests, and DiNardo et al (2013) found such a 
high level of satisfaction with CI in their older adults, despite less robust speech perception 
outcomes than with the younger cohort, that they conclude that improvements in QoL cannot be 
explained by enhancements to auditory perception.  Use of a cochlear implant not only affects 
hearing but also has an impact on self-esteem, activities, and social function which allows 
recipients to live more fulfilling lives. 
 
CONCLUSIONS 
The literature is in clear and sustained agreement that age alone should not be considered a 
limiting factor when considering an individual for a cochlear implant.  Ample research has 
demonstrated surgery to be safe and that significant benefit, both in speech perception and 
quality of life, are achieved by cochlear implant recipients regardless of their age. 
The literature is divided on whether or not older adults receive as much benefit in terms of 
speech perception, and although it is an interesting question that warrants further research, this 
should have no bearing on a decision about whether or not age should be considered a factor in 
a decision about providing a cochlear implant to a person who is otherwise a candidate.  I agree 
with Lin et al. (2012) that future research should expand beyond speech measures to take into 
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account cognitive, social and physical functioning outcomes likely to be detrimentally affected 
by hearing loss that may be mitigated with a cochlear implant.  
 
It is the opinion of this reviewer, as a result of this preparing this review combined with personal 
observations in the clinic at the UNC Hospitals Hearing and Voice Center, that with increasing 
age (with wide individual variability) cochlear implant outcomes may be diminished.  This 
generally does not happen until a more advanced age than most studies reviewed here 
categorized as “elderly” for their purposes, perhaps in the eighties and beyond.  However, the 
benefit provided by cochlear implantation to even in the oldest recipients is indisputable, and 
even with less measurable benefit than younger recipients, the improvement in quality of life is 
significant.  Even patients who are disappointed with the outcomes of their implants recognize 
that it makes a substantial positive difference in their lives.   It is very rare to find a patient who, 





Appendix 1: All articles key data and results, alphabetical (57) 










































2006 54 70-85 NA yes 37 64-70 NA NA no NA 





Austria MedEl  
Benatti. 
2013 17 65-79 yes NA NA NA NA NA NA NA 
1,4,7,11,15 
months PTA, SRT NA Italy not stated 
Budenz, 
2011 60 70+ yes NA 48 18-69 yes 
duration of 
deafness NA no 2 yrs 
CNC words, CUNY 
sentences NA USA not stated 
Cambron, 
2006 20 65-85 yes NA NA NA NA NA NA no 6-12 mos 
CID, CUNY and 
HINT sentences NA USA Cochlear 
Carlson, 
2010 31 80+ yes NA 149 18-79 
yes - only 
AzBio unclear NA 
not 
stated 6 mos 
BKB-SIN, CNC 
words, AzBio 




Chan, 2007 14 56-77 yes NA 14 18-53 no NA NA yes 
6,12, 24 
mos 






2004 65 70-91 yes NA 101 24-69 
yes - only 
CNC 
central 
presbycusis NA no 
3,6,12 
mos 
CNC words, CID 
and  HINT 




2014 30 80+ yes yes NA NA NA NA NA NA 12 mos 
HINT sentences in 
quiet,  Multimedia 
Auditory Test  GBI Canada not stated 
Coelho, 
2009 245 19-84 NA yes NA NA NA NA 
yes, less 
benefit for 









CNC words, HINT 









stated 6 mos 
Turrini words in 
quite, Burdo-Orsi 










2002 31 62-86 yes yes 61 18-59 no NA no yes 12 mos 





questionnaire USA Cochlear 
Eshraghi, 
2003 21 79+ yes yes NA NA NA NA NA NA not stated 






Facer, 1995 25 55+ yes yes NA NA NA NA NA NA NA NA 
PIPSL, 
Quality of Life 


















































Index Mark 3 
survey, 
questionnaire USA not stated 
Friedland, 
2010 28 65+ yes NA 28 18-64 







processing  NA yes 1 year 
CNC words, HINT 
sentences in quiet 
and noise NA USA not stated 
Fujisawa, 
2000 unknown unknown yes NA NA NA NA NA NA NA unknown 
Japanese vowel 
and consonant 
perception tests NA Japan unknown 
Georgolios, 
2008 49 58-85 yes yes unknown unknown no NA no unknown unknown HINT sentences GBI, HHIE USA not stated 
Gifford, 
2012 19 48-85 yes NA NA NA NA NA NA NA not stated 
CNC words, AzBio 
sentences in quiet 
and babble NA USA not stated 
Haensel, 
2005 26 65+ yes yes 47 18-50 no NA yes yes 1,3,6,12 
Freiburg mono 
and multi syllabic 




Hay, 2009 13 66-81 yes NA 12 41-54 no NA NA yes varied 
CNC words, HINT 
sentences, CUNY 










words NA Germany MedEl 
Hideo, 
20004 2 77+ yes NA NA NA NA NA NA NA NA NA 
none - 
anecdotal Japan not stated 







2012 43 65-81 
not 
measured NA NA NA NA NA NA NA NA NA NA Poland Cochlear 
Kelsall, 
1995 28 60-80 yes yes 26 <60 no NA NA yes not stated 
NU6 words, CID 
sentences 
Horn 
questionnaire USA Cochlear 
Kunimoto, 
1998 5 65+ yes yes 12 <65 no NA not stated no not stated 
Japanese words 
and sentences  
own 
questionnaire Japan Cochlear 
Labadie, 
2000 16 65+ yes NA 20 18-64 no NA NA yes 
3 mos, 6 
mos 
CID sentences, 












































2013 31 60+ yes 
yes - no 
validated 
method 
used NA NA NA NA NA NA 
6 mos, 12 
mos 
PTA, Ling 6 









2012 130 70+ yes NA 875 18-69 
yes - only in 
noise and 
only for 70+  
group   
central 






Test,  HSM 
sentences in quiet 





2005 258 65+ yes NA 491 14-64 no NA NA yes 
up to 1 




Lin, 2012 83 60+ yes NA NA NA NA NA NA NA 1 year HINT in quiet NA USA not stated 
Lundin, 
2013 28 79+ yes NA 76 20-60 
yes - only on 
monosyllables not stated NA 
not 
stated 








on 5 point 
scale Sweden 
Med El & 
Cochlear 
Luntz, 2012 18 60+ yes yes NA NA NA NA NA NA 
1year to 
3.5 years 
of CI use 
CID sentences in 
quiet and nosise GBI Israel not stated 
Maillet, 
1995 82 30-80 NA yes NA NA NA NA no NA 
3, 12, 24 
mos NA 
Patient 








Marx, 2011 52 65+ yes NA 58 30-50 
yes - only in 





in quiet and noise NA France unknown 
Migirov, 
2003 20 65+ yes NA NA NA NA NA NA NA 
followed 
12 mos 








Moon, 2013 36 60+ yes NA 45 <60 no NA NA yes I year 
Korean CID 
sentences NA Korea not stated 
Nakajima, 









sentences NA Japan Cochlear  
Noble, 
2009 27 60+ yes yes 21 <60 no NA no 
not 
stated 
1 yr or 
later CNC words 
HHIE,  HHQ, 
SSQ USA not stated 
Olze, 2011 20 70-84 yes yes 35 19-67 no NA 
yes -
greater 










2006 35 65-80 yes yes NA NA NA NA NA NA 
9, 12, 24, 
36 mos 
BKB sentences in 
quiet and nosise, 



















































anecdotal Brazil Cochlear 
Park, 2010 50 65+ yes yes 111 50-65 no NA no 
not 





2003 16 65+ yes NA 14 41-59 no NA NA yes 1 yr 
Italian words and 
sentences NA Italy Cochlear 
Pedley, 
2007 8 75+ yes NA NA NA NA NA NA NA 
7 weeks, 9 
weeks 
CNC words, CUNY 
sentences in 
babble NA Australia Cochlear 
Poissant, 
2006 9 70+ yes yes 8 <60 no NA no yes not stated 
CNC, CUNY, 






scale USA not stated 
Roberts, 
2013 67 65+ yes NA 46 <65 yes 
central 




2013 37 70+ yes yes 44 60-69 yes 
reduced 
cognitive 











words, phonemes questionnaire France Cochlear 
Skarzynsky, 
2012 28 60-84 yes NA NA NA NA NA NA NA 
at least 1 
year 
Polish 
monosyllables NA Poland Cochlear 
Sterkers, 
2004 8 70+ yes NA 20 60-69 
yes - only in 
noise 
central 




words, sentences NA France Cochlear 
Tari, 2003 
not 
stated 65+ yes yes 
not 





CNC words, CUNY 
sentences in quiet 
and noise 
3 item 
questionnaire Australia Cochlear 
Thomas, 
1995 5 65+ yes yes NA NA NA NA NA NA NA NA none England Cochlear 
Vermiere, 
2005 25 70+ yes yes 64 17-69 yes not stated no 
not 














1993 20 65-85 yes NA NA NA NA NA yes NA 2 yrs 
NU6 words, CID 
sentences NA USA Cochlear 
Williamson 
2009      13 80+ yes NA 15 75-79 yes 
neuronal 
loss NA no 
1, 6, 12 
mos 
HINT & CUNY 
sentences, CNC 
words questionnaire USA Cochlear 
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Appendix 2: Articles with quality of life measures, chronological (27) 





























for DOD speech tests used QoL tests used country devices 
Horn, 1991 67 65+ NA 
yes - 
instrument 




Facer, 1995 25 55+ yes yes NA NA NA NA NA NA 
PIPSL, Quality of Life 
Questionnaire USA Cochlear 
Kelsall, 1995 28 60-80 yes 
yes - 
instrument 
not validated 26 <60 no NA yes 
NU6 words, CID 
sentences Horn questionnaire USA Cochlear 
Maillet, 1995 82 30-80 NA yes NA NA NA no NA NA 
Patient quality of life 







1995 5 65+ yes 
yes - 
instrument 
not validated NA NA NA NA NA NA 
none - looked @ 
tinnitus and anecdotal 
reports England Cochlear 
Kunimoto, 
1998 5 65+ yes 
yes - 
instrument 
not validated 12 <65 no not stated no 
Japanese words and 
sentences  own questionnaire Japan Cochlear 
Shin, 2000 25 60+ yes 
yes - 
instrument 
not validated 14 49-59 no NA yes 
French sentences, 
monosyllabic words, 
phonemes own questionnaire France Cochlear 
Djalilian, 
2002 31 62-86 yes 
yes - 
instrument 
not validated 61 18-59 no no yes 
4 choice spondee, 
CID sentences, NU6 
words 
modified Horn 
questionnaire USA Cochlear 
Francis, 




Utilities Index Mark 3 
survey, questionnaire USA not stated 
Tari, 2003 
not 
stated 65+ yes 
yes - 
instrument 
not validated not stated <65 no NA not stated 
CNC words, CUNY 
sentences in quiet 
and noise 3 item questionnaire Australia Cochlear 
Hideo, 2004 2 77+ yes 
yes - 
instrument 
not validated NA NA NA NA NA NA 
none - anecdotal 
reports Japan not stated 
Haensel, 
2005 26 65+ yes 
yes - 
instrument 
not validated 47 18-50 no yes yes 
Freiburg mono and 
multi syllabic words questionnaire Germany 
Cochlear Med El 
ABC 
Vermiere, 




HHIA, GBI, Scale for 
prediction of hearing 
disability in SNHL - all 
validated in Dutch Belgium Cochlear MedEl 
Anderson, 




37 64-70 NA no NA NA modified Horn 
questionnaire Austria MedEl  
Orabi, 2006 35 65-80 yes yes NA NA NA NA NA 
BKB sentences in 
quiet and nosise, 
CUNY sentences GBI, GHSI England Cochlear Med El 
Georgolios, 
2008 49 58-85 yes yes unknown unknown no no unknown HINT sentences GBI, HHIE USA not stated 
Poissant, 
2008 9 70+ yes yes 8 <60 no no yes 
CNC, CUNY, HINT 
in quiet and noise 
Geriatric depression 
scale, UCLA loneliness 
scale USA not stated 
Coelho, 2009 245 19-84 NA yes NA NA NA 
yes, less 
benefit for 
older no NA CIFI USA 
































for DOD speech tests used QoL tests used country devices 
Eshraghi, 
2009 21 79+ yes yes NA NA NA NA NA 
CUNY and HINT 
sentences HHIE, phone use USA Cochlear, ABC 
Noble, 2009 27 60+ yes yes 21 <60 no 
no but 
maybe in 
SSQ not stated CNC words HHIE,  HHQ, SSQ USA not stated 
Park, 2012 50 65+ yes yes 111 50-65 no no not stated HINT sentences HHI Canada 
Cochlear MedEl 
ABC 








NCIQ (translated), TQ, 
PSQ Germany CochlearMedEl 
DiNardo, 
2012 20 65-80 yes yes 20 43-64 yes no not stated 
Turrini words in 
quiet, Burdo-Orsi 
sentence in quiet 
SF-36, questionnaire 
for self assessment of 
CI Italy 
Cochlear ABC  
Neurelec 
Luntz, 2012 18 60+ yes yes NA NA NA NA NA 
CID sentences in 
quiet and nosise GBI Israel not stated 
Lundin, 2013 28 79+ yes 
yes - 
instrument 
not validated 76 20-60 
yes - only on 
monosyllables NA not stated 
Swedish mono and 
bisyllabic words 
subjective score based 
on 5 point scale Sweden 
Med El & 
Cochlear 
Sanchez, 
2013 37 70+ yes yes 44 60-69 yes no no Spanish disyllables GBI 
Spain & 
Argentina 
Cochlear,  Med 
El 
Cloutier, 
2014 30 80+ yes yes NA NA NA NA NA 
HINT in quiet, 
Multimedia 
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